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GHVLJQHG DQG FRPSDUDWLYHO\ DQDO\]HG %RWK WZR JHQHUDWRUV DUH
GHVLJQHGXQGHU WKH UDWHG VSHFLILFDWLRQV RI N:RXWSXWSRZHU
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SRZHUJHQHUDWLQJSHUIRUPDQFHVLQFOXGLQJRXWSXWYROWDJHSRZHU
DQG HIILFLHQF\ DW UDWHG DQG YDULDEOH ORDGVSHHG FRQGLWLRQV DUH
SUHGLFWHG E\ ILQLWHHOHPHQW )( DQDO\VLV DQG YDOLGDWHG E\
H[SHULPHQWDO WHVWVEDVHGRQ WKHWZR)630SURWRW\SHV,W VKRZV
WKDW WKH SKDVH VWDWRUVORWURWRUSROH )630 JHQHUDWRU
H[KLELWV D KLJKHU DLUJDS IOX[ GHQVLW\ D KLJKHU WRUTXHSRZHU
GHQVLW\ DQG D ORZHU YROWDJH UHJXODWLRQ IDFWRU %HVLGHV LW KDV D
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WKH ZLQGLQJ UHDFWDQFH LQFUHDVHV IDVW ZLWK WKH QXPEHU RI FRLO
WXUQVZKLFKZRXOGFDXVHWKHGHFUHDVHRIWKHRXWSXWYROWDJHDV
OHDUQHGIURP)LJD&RQVHTXHQWO\1FRLOVKRXOGEHUHVWULFWHG
IRU DQ DFFHSWDEOHYROWDJH UHJXODWLRQ IDFWRURQ WKHSUHPLVHRI
PHHWLQJWKHUDWHGGHPDQG
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7KH VWDWLF FKDUDFWHULVWLFV RI WKH 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JHQHUDWRUV DUH SUHGLFWHG E\ )( LQFOXGLQJ WKH RSHQFLUFXLW
FKDUDFWHULVWLFVDQGRQORDGWRUTXHZLWKWKHVORWFXUUHQWGHQVLW\
-VRI$PP506YDOXHXQGHULG %/$&RSHUDWLRQ
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EHWZHHQ WKH DGMDFHQW VWDWRU WHHWK LQ WKH 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VKRZQLQ)LJGXHWRDVPDOOHUVWDWRUVORWRSHQLQJ+RZHYHU
WKH UHODWLRQVKLS EHWZHHQ (0) PDJQLWXGHV LV RSSRVLWH WR WKH
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7KH RXWSXW SKDVH YROWDJHV DQG FXUUHQWV RI WKH  DQG
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KDUPRQLFV DQG FRJJLQJ WRUTXH 7KH VPDOO RYHUVKRRW RQ WKH















































































































)LJ  VKRZV WKH YDULDWLRQ FXUYHV RI WKH RXWSXW YROWDJH
YHUVXV SKDVH FXUUHQW 2EYLRXVO\ WKH VORSH RI WKH SKDVH
JHQHUDWRU¶V FXUYH LV JUHDWHU WKDQ WKDW RI WKH SKDVH
FRXQWHUSDUW LQGLFDWLQJ D JUHDWHU YROWDJH YDULDWLRQ ZKHQ WKH
ORDGFKDQJHVLQ WKHSKDVH)630JHQHUDWRU7KLVPHDQVWKH
SKDVH )630 JHQHUDWRU LV PRUH DGYDQWDJHRXV WKDQ WKH
SKDVH FRXQWHUSDUW LQ WHUPV RI PDLQWDLQLQJ D VWDEOH RXWSXW
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7KHHOHFWURPDJQHWLF WRUTXH LQ)LJ  ³VDWXUDWHV´ZLWK WKH
URWRU VSHHG LQFUHPHQW %HVLGHV ZKHQ WKH VSHHG ULVHV WR D
FHUWDLQYDOXHWKHWRUTXHPD\VWDUWWRGHFUHDVHGXHWRWKHGHFOLQH
RI WKH TD[LV FXUUHQW VLQFH WKH ORDG DQJOH EHWZHHQ WKH











)LJ  DQG )LJ  VKRZ WKH HIILFLHQF\ DQG FRUH ORVV
YDULDWLRQ ZLWK WKH VSHHG UHVSHFWLYHO\7KH FRUH ORVVHVRI WKH
WZRPDFKLQHVDWORZVSHHGVDUHFORVHWRHDFKRWKHUGXHWRWKH
FRPSHQVDWLRQ EHWZHHQ IOX[ GHQVLW\ DQG HOHFWULF IUHTXHQF\
+RZHYHUZKHQWKHURWRUVSHHGJURZVRYHUUSPWKHFRUH

















































































































RI WKH WZR JHQHUDWRUV KDUGO\ FKDQJHV ZLWKLQ  USP
+RZHYHULWVKRXOGEHQRWHGWKDWWKHZLQGLQJFXUUHQWLQFUHDVHV
JUHDWO\ ZLWK WKH URWRU VSHHG VR D EHWWHU FRROLQJ FRQGLWLRQ LV
QHHGHGLQKLJKVSHHGRSHUDWLRQ
9 (;3(5,0(17$/9$/,'$7,21
7R YHULI\ WKH )( SUHGLFWHG UHVXOWV WZR )630 SURWRW\SHV




LGHQWLFDO FRUH DQG 30 PDWHULDO SURSHUWLHV 7KH WHVW EHQFK
LQFOXGLQJ D '& PRWRU DQ )630 SURWRW\SH JHQHUDWRU WKH
YDULDEOH UHVLVWDQFH WKH VKDIWFRXSOLQJ DQGD WRUTXHVHQVRU DV


















VKRZQ LQ 7$%/( ,,, 7KH PHDVXUHG UHVXOWV IRU WKH  DQG








HVWDEOLVK WKH UDWHG SRZHU JHQHUDWLQJ FRQGLWLRQ 7KH RXWSXW
YROWDJHZDYHIRUPVRIHDFKSKDVHIRUWKHDQGSKDVH)630


















,WHP 8QLW SKDVH SKDVH
2SHQFLUFXLWSKDVH(0)UPV(R 9  
5DWHGSKDVHYROWDJHUPV8R 9  
5DWHGSKDVHFXUUHQWUPV,R $  
5DWHGRXWSXWSRZHU3R N:  
,QSXWPHFKDQLFDOWRUTXH7L 1P  
9ROWDJHUHJXODWLRQIDFWRU'8   


















VWURQJHU RYHUORDGRYHUVSHHG FDSDELOLW\ WKDQ WKH SKDVH
FRXQWHUSDUW,WDOVRLQGLFDWHVWKDWDKLJKSROHQXPEHUPD\QRW
EHSUHIHUUHG IRU DVPDOOVFDOH )630 ZLQGJHQHUDWRU VLQFH LW
FDXVHV KLJKHU OHDNDJH IOX[ PDJQHWLF FLUFXLW SHUPHDQFH DQG
ZLQGLQJUHDFWDQFHDOWKRXJKLWEULQJVORZHUFRJJLQJWRUTXHDQG
WRUTXH ULSSOH 7KHUHIRUH PRUH VWDWRU DQG URWRUSROH
FRPELQDWLRQVZLOOEHVWXGLHGLQWKHIXWXUHHJDQG
PD\EHJRRGFKRLFHVIRUWKHSKDVHPDFKLQHZLWKODUJHUVORW
RSHQLQJV 7KH VORW RSHQLQJ ZLGWK FDQ DOVR EH RSWLPL]HG WR
UHGXFHWKHOHDNDJHIOX[EHWZHHQDGMDFHQWWZRVWDWRUWHHWKWKXV
WR UHGXFH WKH OHDNDJH LQGXFWDQFH 7R LPSURYH WKH





























DQG ; .HVWHO\Q ³2SHQSKDVH IDXOWWROHUDQW GLUHFW WRUTXH FRQWURO
WHFKQLTXH IRU ILYHSKDVH LQGXFWLRQ PRWRU GULYHV´ ,((( 7UDQV ,QG
(OHFWURQYROQRSS±)HE












>@ $ 6 7KRPDV = 4 =KX 5 / 2ZHQ * : -HZHOO DQG ' +RZH




UHOLDELOLW\ DSSOLFDWLRQV´,(((7UDQV0DJQYROQR  SS ±
-XO
>@ &'LWPDQVRQ3+HLQ6.ROE-0ROFNDQG6%HUQHW³$QHZPRGXODU







































>@ ) /L : +XD 0 &KHQJ DQG * =KDQJ ³$QDO\VLV RI IDXOW WROHUDQW
FRQWURO IRU D QLQHSKDVH IOX[VZLWFKLQJ SHUPDQHQW PDJQHW PDFKLQH´
,((( 7UDQV 0DJQ YRO  QR  SS ± 1RY  $UW ,'

>@ .%RXJKUDUD7/XELQDQG5,EWLRXHQ³*HQHUDOVXEGRPDLQPRGHOIRU
SUHGLFWLQJ PDJQHWLF ILHOG LQ LQWHUQDO DQG H[WHUQDO URWRU PXOWLSKDVH
IOX[VZLWFKLQJPDFKLQHVWRSRORJLHV´,(((7UDQVRQ0DJQYROQR
SS±
>@ / 6KDR : +XD DQG 0 &KHQJ ³'HVLJQ RI D WZHOYHSKDVH
IOX[VZLWFKLQJSHUPDQHQWPDJQHWPDFKLQHIRUZLQGSRZHUJHQHUDWLRQ´
LQ3URFRI ,QW &RQI RQ (OHF0DFKDQG6\VW+DQJ]KRX&KLQD SS
±
>@ /6KDR:+XD)/L-6RXODUG=4=KX=:XDQG0&KHQJ³$
FRPSDUDWLYH VWXG\ RQ QLQH DQG WZHOYHSKDVH IOX[VZLWFKLQJ
SHUPDQHQWPDJQHWZLQGJHQHUDWRUV´LQ3URFRI&RQIRI,((((QHUJ\
&RQYHUVLRQ &RQJUHVV DQG ([SRVLWLRQ 3RUWODQG 86$ SS 
6HSW













/LQJ\XQ 6KDRZDVERUQ LQ -LDQJVX&KLQD LQ
6KHUHFHLYHGWKH%6FDQG3K'GHJUHHVLQHOHFWULFDO
HQJLQHHULQJIURPWKH6FKRRORI(OHFWULFDO(QJLQHHULQJ
6RXWKHDVW 8QLYHUVLW\ 1DQMLQJ &KLQD LQ  DQG
UHVSHFWLYHO\
6LQFH-DQXDU\VKHKDVEHHQZLWK&HQWUHIRU
$XWRPRWLYH (QJLQHHULQJ 'HSDUWPHQW RI 0HFKDQLFDO
(QJLQHHULQJ 6FLHQFHV 8QLYHUVLW\ RI 6XUUH\
*XLOGIRUG 8 . ZKHUH VKH LV FXUUHQWO\ D UHVHDUFK
IHOORZLQHOHFWULFPRWRUVLPXODWLRQDQGRSWLPL]DWLRQ
+HU FXUUHQW UHVHDUFK LQWHUHVWV LQFOXGH WKH GHVLJQ DQG DQDO\VLV RI SHUPDQHQW
PDJQHW PDFKLQHV IRU HOHFWULF SURSXOVLRQ V\VWHPV DQG UHQHZDEOH HQHUJ\
JHQHUDWLRQ
)URP'HFHPEHUWR'HFHPEHUVKHZDVDOVRZLWKWKH'HSDUWPHQW
RI (OHFWURQLF DQG (OHFWULFDO (QJLQHHULQJ 7KH 8QLYHUVLW\ RI 6KHIILHOG
6KHIILHOG 8. DV D MRLQW 3K' VWXGHQW VSRQVRUHG E\ &KLQD 6FKRODUVKLS
&RXQFLO &6& )URP -XO\  WR 'HFHPEHU  VKH ZDV DOVR ZLWK WKH














SDWHQWV LQ KLV DUHDV RI LQWHUHVW +LV WHDFKLQJ DQG









)HQJ /L UHFHLYHG WKH %6F DQG 06F GHJUHHV LQ
HOHFWULFDO HQJLQHHULQJ IURP -LDQJVX 8QLYHUVLW\
=KHQMLDQJ&KLQDLQDQGUHVSHFWLYHO\DQG
WKH 3K' GHJUHH LQ HOHFWULFDO HQJLQHHULQJ IURP
6RXWKHDVW8QLYHUVLW\1DQMLQJ&KLQDLQ
6LQFHKHKDVEHHQZLWK-LDQJVX8QLYHUVLW\
ZKHUH KH LV FXUUHQWO\ D /HFWXUHU LQ WKH &ROOHJH RI
(OHFWURQLFDQG,QIRUPDWLRQ(QJLQHHULQJ+LVUHVHDUFK












.7+ 5R\DO ,QVWLWXWH RI 7HFKQRORJ\ 6WRFNKROP
6ZHGHQ LQ FORVH FROODERUDWLRQ ZLWK WKH 6ZHGLVK
LQGXVWU\ 6LQFH  VKH KDV EHHQ DQ $VVRFLDWH
3URIHVVRU ZLWK WKH :DUZLFN 0DQXIDFWXULQJ *URXS
8QLYHUVLW\RI:DUZLFN&RYHQWU\8QLWHG.LQJGRP
+HU FXUUHQW UHVHDUFK DFWLYLWLHV DUH IRFXVHG RQ
DFFRXQWLQJIRUPDQXIDFWXULQJHIIHFWVLQPRGHOLQJDQG






= 4 =KX 0¶±60¶±)¶ UHFHLYHG WKH
%(QJ DQG 06F GHJUHHV LQ HOHFWULFDO DQG
HOHFWURQLFHQJLQHHULQJIURP=KHMLDQJ8QLYHUVLW\
+DQJ]KRX &KLQD LQ  DQG 




RI 6KHIILHOG ZKHUH KH LV FXUUHQWO\ D 5HVHDUFK
&KDLU RI WKH 5R\DO $FDGHP\ RI
(QJLQHHULQJ6LHPHQV ZLWK WKH 'HSDUWPHQW RI
(OHFWURQLF DQG (OHFWULFDO (QJLQHHULQJ DQG WKH
+HDG RI WKH (OHFWULFDO 0DFKLQHV DQG 'ULYHV 5HVHDUFK *URXS +LV FXUUHQW
UHVHDUFK LQWHUHVWV LQFOXGH WKH GHVLJQ DQG FRQWURO RI SHUPDQHQWPDJQHW







=KRQJ]H :X 0¶ UHFHLYHG WKH %(QJ DQG
06F GHJUHHV LQ HOHFWULFDO HQJLQHHULQJ IURP
6RXWKHDVW 8QLYHUVLW\ 1DQMLQJ &KLQD LQ 
DQG UHVSHFWLYHO\DQG WKH3K'GHJUHH LQ
HOHFWULFDO DQG HOHFWURQLF HQJLQHHULQJ IURP 7KH
8QLYHUVLW\ RI 6KHIILHOG 6KHIILHOG 8. LQ
-DQXDU\
6LQFH $XJXVW  KH KDV EHHQ ZLWK WKH
3RZHUWUDLQ DQG 9HKLFOH 5HVHDUFK &HQWUH
'HSDUWPHQW RI 0HFKDQLFDO (QJLQHHULQJ
8QLYHUVLW\RI%DWK%DWK8.ZKHUHKHLVFXUUHQWO\D3UL]H)HOORZLQ(OHFWULF
3URSXOVLRQ +LV PDMRU UHVHDUFK LQWHUHVWV LQFOXGH WKH DGYDQFHG HOHFWULFDO
PDFKLQHVDQGGULYHVIRUHOHFWULFSURSXOVLRQV\VWHPV










IURP 6RXWKHDVW 8QLYHUVLW\ 1DQMLQJ &KLQD LQ
 DQG  UHVSHFWLYHO\ DQG WKH 3K'
GHJUHH LQ HOHFWULFDO DQG HOHFWURQLF HQJLQHHULQJ
IURPWKH8QLYHUVLW\RI+RQJ.RQJ+RQJ.RQJ
LQ





KH ZDV D 9LVLWLQJ 3URIHVVRU DW WKH :LVFRQVLQ
(OHFWULF 0DFKLQH DQG 3RZHU (OHFWURQLFV
&RQVRUWLXP8QLYHUVLW\RI:LVFRQVLQ0DGLVRQ:,86$+HKDVDXWKRUHGRU
FRDXWKRUHGPRUHWKDQWHFKQLFDOSDSHUVDQGIRXUERRNVDQGLVWKHKROGHURI




KDV VHUYHG DV WKH &KDLU DQG 2UJDQL]LQJ &RPPLWWHH 0HPEHU IRU PDQ\
LQWHUQDWLRQDO FRQIHUHQFHV +H ZDV D 'LVWLQJXLVKHG /HFWXUHU RI WKH ,(((
,QGXVWU\$SSOLFDWLRQV6RFLHW\LQ
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